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Fig.1 Calibration and prediction values of soil water content
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neural network(BP-ANN) with input of hue-saturation-value(HSV)
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Fig.3 Correlation curve between measured values and predicted
values by fusion analysis model
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Table 1 Result comparison of data fusion method and near
infrared spectroscopy and machine vision analysis

[ AP R R V1R 2 A o SURAR 7
FESh A IR % BRI % BIKE %
G5 /%
ST RZE S aNE RE STl ZE
1 4.14 427 -0.14 4.5 -0.36 5.56 -1.42
2 11.33 11.85 -0.52 11.51 -0.18 15.97 -4.64
3 11.75 11.92 -0.17 13.38 -1.63 14.46 -2.71
4 12.44 11.80 0.64 11.50 0.94 15.20 -2.76
5 13.13 13.51 -0.37 11.03 2.10 18.50 -5.37
6 14.04 13.42 0.62 14.65 -0.61 16.88 -2.84
7 16.15 16.28 -0.13 17.30 -1.15 19.35 -3.20
8 17.27 17.62 -0.35 16.50 0.77 20.87 -3.60
9 17.79 18.54 -0.75 17.10 0.69 23.09 -5.30
10 18.39 18.57 -0.17 19.61 -1.22 21.85 -3.46
11 20.16 19.66 0.50 20.56 -0.40 23.52 -3.36
12 20.83 20.07 0.76 19.24 1.59 22.86 -2.03
13 21.38 21.12 0.26 22.30 -0.92 24.03 -2.65

18 F b A ARG 13 ANIGUERE S BEAT AT, A5 H AR
SN EKFAE AR 1, W ARSI 7 bR 22 B s
FHIELEAN GRS S HLE AN . S, JT 20Nt o i dst
AR 220 1.42%~5.37%, HLESH S 20 BT (iR 25
0.18%~2.10%, M fill 5 A5 2L 1) 2 0 18 22 A 0.13% ~
0.76%, NAHEm T AR P ks i

3 & it

[EE (T T T I i BURAR )b R I g w2
BRSNS A LA b, SR L0 S HL A
MUREAS S5 ) 5 KR T

1) DU e Sbse ) - b SR s oo e 1 1
SERS KR GE B TR HAT B (RS R o (BRI X IR
SRR S AN A S HEAT TN, PO e I AR TR AT

KR ZE, W - EFP IS I 38 I 1 2 2 o

2) DR b, BRI, Wb DL A - A
15, UL R 2 EUR R E S 5@ T BP A& 4 &
IKFRAEL M AT, S5 IRRWILL H, S FI V R IESE
(0 190 28 B A e i, TN S5 I R W E R B RPN
0.9848, HE/KEEK R (>20%) I, RERK.

3) WA A BN, R 2 B SRS B L
() BP filt A A5 o BT AR5 bR 2 1) R w52 R B0 R A F)
0.9961, Ll E K P 5 SR R LA I i FHUT 20 71 i 4t 37
VARSI AR R A B S B o

(& £ x #f)

(17 Hul, /S, 2R, &5, FETIRL8he LK
TR B AR, ARME TRE2A4E, 2009, 25(3): 33—36.
Xiao Wu, Li Xiaoyu, Li Peiwu, et al. Adaptability of the
model for soil moisture measurement based on near-infrared
spectroscopy[J]. Transactions of the CSAE, 2009, 25(3):
33—36. (in Chinese with English abstract)

(2] A0ggzl. ALLAN SR OGS o M AE L R N ] B T

JrR[I]. HEEEIR, 2004, 35(4): 487—492.
He Xusheng. Application of near infrared reflectance
spectroscopy to soil and fertilizer and its directions[J].
Chinese Journal of Soil Science, 2004, 35(4): 487—492. (in
Chinese with English abstract)

3] R, S—Fk, T5T. RGP ) 5 K
BNIAEMIFI]. e eiE A, 2009, 29(3): 675
—677.

Song Tao, Bao Yidan, He Yong. Research on the Method for
Rapid Detection of soil moisture content using spectral
data[J]. Spectroscopy and Spectral Analysis, 2009, 29(3):
675—677. (in Chinese with English abstract)

[4] B85, ZREh. TRER XK AHUTRLE AR
LA GESHTI]. s, 2002, 30(8): 978 —980.
Zhao Suolao, Peng Yukui. Analysis of soil moisture, organic
matter and total nitrogen in Loess in China with near infrared
spectroscopy[J]. Chinese Journal of Analytical Chemistry,
2002, 30(8): 978—980. (in Chinese with English abstract)

[S] Whiting M L, Li L, Ustin S L. Predicting water content using
Gaussian model on soil spectra[J]. Remote Sensing of
Environment, 2004, 89(4): 535—552.

[6] Bullock P R, Li X, Leonardi L. Near-infrared spectroscopy
for soil water determination in small soil volumes[J].
Canadian Journal of Soil Science, 2004, 84(3): 333—338.

[71 Slaughter D C, Pelletier M G, Upadhyaya S K. Sensing soil
moisture using NIR spectroscopy [J]. Applied Engineering in
Agriculture, 2001, 17(2): 241—247.

(8] Phlde, ARME, Harfe, &5, FETIELAMCIHE KAL)

T HIES N I HT[]. OEE A S g AT, 2006, 26(3):
426—429.
Sun Jianying, Li Minzan, Zheng Lihua, et al. Real-time
analysis of soil moisture, soil organic matter, and soil total
nitrogen with NIR spectra[J]. Spectroscopy and Spectral
Analysis, 2006, 26(3): 426—429. (in Chinese with English
abstract)

[9] FRFE. FET A WO S ], Ak T
FR2ER, 2003, 19(5): 36—41.



5 8 1] Mo S LA A LA DL SR 1) 3 KR R 17

Li Minzan. Evaluating soil parameters with visible Zhang Rongbiao, He Jiaxiang, Wu Tao, et al. Methods for
spectroscopy[J]. Transactions of the Chinese Society of on-line measurement of soil moisture content based on image
Agricultural Engineering, 2003, 19(5): 36—41. (in Chinese processing technique[J]. Transactions of the Chinese Society
with English abstract) of Agricultural Engineering, 2007, 23(10): 57—61. (in
[10] Mouazen A M, Karoui R, De Baerdemacker J, et al Chinese with English abstract)
Characterization of soil water content using measured visible [15] Persson M. Estimating surface soil moisture from soil color
and near infrared spectra[J]. Soil Science Society of using image analysis[J]. Vadose Zone Journal, 2005, 4(4):
American Journal, 2006, 70(4): 1295—1302. 1119—1122.
[11] Mouazen A M, Malaki M R, De Baerdemacker J, et al. [16] BRANME, BAIC, #f@se, 2. FETUrgnshotismpLees
Primary results on on-line measurement of some selected soil SIS B A ARV 2 R ). e T AR,

properties using a VIS-NIR sensor[J]. Soil Management for
Sustainability, 2006, 38: 215—222.

(12] 8f—JF, f755, J5d, &%, BIERDEREERAE A RS B

2008, 24(3): 5—10.
Chen Quansheng, Zhao Jiewen, Cai Jianrong, et al.
Inspection of tea quality by using multi-sensor information

MWEEL]. JeilkE ek, 2007, 27(1): 62—65. fusion based on NIR spectroscopy and machine vision[J].

Bao Yidan, He Yong, Fang Hui, et al. Spectral Transactions of the Chinese Society of Agricultural

characterization and N content prediction of soil with Engineering, 2008, 24(3): 5—10. (in Chinese with English

different particle size and moisture content[J]. Spectroscopy abstract)

and Spectral Analysis, 2007, 27(1): 62—65. (in Chinese with [17] 205, T, FEm, 2. SIS ARaHAKE

English abstract) A TR SRS, Aol TREER, 2003, 1903):
[13] Zheng Lihua, Li Mingzan, Sun Jianying, et al. Estimating soil 10—13

moisture based on image processing technologies[C]/

Applications of Digital Image Processing XXVIII. San

Dlefoi Proce‘e‘:dlnf.g: OfSI;IAE’ 2005909}?: ?48_1355' N agricultural engineering[J]. Transactions of the Chinese
[14] KR ‘ﬁj‘mﬁé" i{f’ o %f{%&\ﬁuﬁj_&ﬂéﬁa Society of Agricultural Engineering, 2003, 19(3): 10—13. (in

IREAELRTIITIED S, RN TREZAAR, 2007, 23 (10): Chinese with English abstract)

57—6l.

Li Xiaoyu, Wang Wei, Lei Tingwu, et al. Prospects of the
application of multisensor information fusion techniques in

Soil moisture detection based on data fusion between near-infrared
spectroscopy and machine vision

Xiao Wu', Li Xiaoyu's Li Peiwu?, Feng Yaoze!, Wang Wei', Zhang Jun'
(1. College of Engineering and Technology, Huazhong Agricultural University, Wuhan 430070, China,
2. Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, Wuhan 430070, China)

Abstract: The aim was to find out a way to accurately, rapidly and stably measure soil moisture and extend the model
adaptation. Data fusion technology of machine vision (MV) and near-infrared spectroscopy (NIRS) was introduced to
analyze soil moisture. Three kinds of soils (paddy soil, yellow brown soil and tidal soil) were collected from Hubei
province to construct soil moisture analysis model based on NIRS; Soil surface image characteristics technique was used
to build soil moisture analysis models using those three kinds of soils. NIRS was found to be influenced by sample state,
so fusion technology of MV and NIRS was used. The results showed that soil moisture analysis model based on NIRS
was quite accurate, but the model error of analysis of loess soil samples which were not included in the modeling sample
set, was greater than 4%; Image parameters such as H, S and V were taken as input for the home network optimal
prediction model, and decision coefficient R* was obtained as high as 0.9849, but comparatively large error occurred
when the model was applied to water-saturated samples (soil moisture>20%); However, the problem was successfully
solved by implementing BP fusion neural network model with R*=0.9961 and validation analysis error of water samples
was less than that produced either by MV or NIRS.

Key words: soil moisture, data fusion, near infrared spectroscopy, machine vision, BP neural network



